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(57) ABSTRACT

This 1nvention provides a waler-type temperature sensor
capable of eliminating the need for an A/D converter, adapt-
ing itsell to automation and improving the heat resistance to
measure temperature distribution of the upper surface of a
waler, a temperature measuring device using the sensor, a
thermal processor having a temperature measurement func-
tion and a temperature measurement method. The wafler-type
temperature sensor comprises a waler and a plurality of tem-
perature sensors arranged in regions which are formed by
segmenting the upper surface of the water into a plurality of
regions. Each of the temperature sensors includes an oscilla-
tion circuit for oscillating a frequency signal corresponding to
the temperature of its own region within a frequency band that
1s different for every region in response to input of power
supply voltage.
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TEMPERATURE MEASURING DEVICE
USING OSCILLATING FREQUENCY
SIGNALS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a temperature measuring device, a
thermal processor having a temperature measurement func-
tion and a temperature measurement method, and for
example, to a device and method for measuring temperature
ol a heating plate for use 1n heating wafers.

2. Description of Background Art

In a photolithography process during the manufacture of
semiconductor devices, various thermal treatments, 1nclud-
ing a heat treatment (pre-bake) which 1s performed after the
application of resist solution onto a surface of a semiconduc-
tor waler (hereinaiter referred to as “water’”), a heat treatment
(post-exposure-bake) which 1s performed after exposing pat-
terns, and a cooling treatment which 1s performed aiter each
heat treatment, are carried out by, for instance, a heating/
cooling system capable of maintaining the wafer at a prede-
termined temperature.

FI1G. 15 1s a vertical cross-sectional view of a conventional
heating/cooling system 60, while FIG. 16 1s a transverse
sectional view taken along lines A-A of FIG. 15.

FIG. 15 shows that a heating/cooling system 60 has an
enclosure 90 including therein a cooling plate 61 for use 1n
cooling waters and a heating plate 62 for use 1n heating wafers
juxtaposed to the cooling plate 61. The cooling plate 61 and
heating plate 62 are discs with a certain thickness. The cool-
ing plate 61 incorporates some devices such as a Peltier
device (not shown) for cooling the cooling plate 61 to a
predetermined temperature.

Under the cooling plate 61 provided are elevator pins 63 for
supporting and moving up and down the water to mount the
waler on the cooling plate 61. These elevator pins 63, which
can be moved upward and downward by a vertical drive
mechanism 64, are configured to penetrate the cooling plate
61 from the bottom so as to protrude through the upper sur-
face of the cooling plate 61.

On the other hand, the heating plate 62 incorporates a
heater 65 and a heating-plate temperature sensor 62a. The
temperature of the heating plate 62 1s maintained at a preset
temperature by a controller 66 that controls the heating value
of the heater 65 based on the temperature sensed by the
heating-plate temperature sensor 62a. As with the cooling
plate 61, elevator pins 67 and a vertical drive mechanism 68
are provided under the heating plate 62. These elevator pins
67 allow the wafer to be mounted on the heating plate 62.

As shown 1n FIG. 135, a transfer device 69 i1s disposed
between the cooling plate 61 and heating plate 62 to transier
a waler to the heating plate 62 and to transfer the watfer from
the heating plate 62 to the cooling plate 61. A transfer opening,
70 1s formed 1n the enclosure 90 of the heating/cooling system
60 and adjacent to the cooling plate 62, for bringing the water
in and taking the wafer out of the heating/cooling system 60.

In addition, this transfer opening 70 1s attached with a
shutter 71 to maintain an atmosphere 1n the heating/cooling
system 60 to have a predetermined one. A transfer arm 80,
which 1s placed opposite the shutter 71, transiers the waler
through the transfer opening 70 when the shutter 71 1s
opened. The transferred waler 1s further transferred by the
transier device 69 onto the heating plate 62.

By using such a heating/cooling system 60, 1t 1s important
to measure temperature distribution of the water mounted on
the heating plate 62 1n advance to grasp temperature charac-
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teristics of the water on the heating plate 62 and to heat the
waler on the heating plate 62 uniformly with approprate
compensation based on the results. In order to measure the
temperature distribution of the water on the heating plate 62,
temperature measuring devices have been conventionally
used to grasp the temperature distribution of the wafer and
adjust the temperature distribution before the actual treatment
of the wafer.

FIG. 17A and 17B illustrate some examples of the conven-
tional temperature measuring device. An example shown in
FIG. 17A comprises a waler K for use in measuring tempera-
ture, which 1s made of the same material and 1n the same
shape as the real semiconductor wafer, a plurality of tempera-
ture sensors 101 spread over the temperature-measuring
waler K to detect temperatures with the use of thermocouples
or the like, and a transmitting device 103. The temperature
sensors 101 are connected to the transmitting device 103
through cables 102. Data detected by each temperature sensor
101 1s sent from the transmitting device 103 by radio and then
received by a recerving device disposed 1nside or outside the
heating/cooling system 60. Because the temperature data
detected by each temperature sensor 101 1s represented by
analog values, the transmitting device 103 needs to incorpo-
rate an AID converter to convert the analog temperature data
into digital data. However, the A/D converter that deteriorates
conversion accuracy with an increase in temperature may be
able to be used to measure temperatures up to about 150
degrees C., but can not be used 1n the atmosphere at tempera-
tures rising to 250 degrees C.

Japanese unexamined patent publication No. 2002-124457
discloses another example as shown 1n FIG. 17B 1n which the
transmitting device 103 shown 1n FIG. 15A 1s disposed on a
disc S that 1s prepared 1n addition to the temperature-measur-
ing waler K and each temperature sensor 101 on the tempera-
ture-measuring walfer K 1s connected to the transmitting
device 103 via cables 102. Since this example 1s configured to
mount only the temperature-measuring water K on the heat-
ing plate 62 and to locate the disc S above the temperature
measuring water K with a distance therebetween, the A/D
converter can keep a distance from the heating plate 62, and
therefore the A/D converter incorporated in the transmitting,
device 103 1s prevented from accuracy deterioration caused
by high temperatures.

However, the temperature-measuring water K with the disc
S located thereabove causes difficulty 1n transferring watfers
with the transter device 69 and transier arm 80 shown 1n FIG.
16, thus requiring a specially prepared transier device and
transfer arm.

Alternatively, Japanese unexamined patent publication
No. 2004-150860 discloses another example of the tempera-
ture measuring device using a surface acoustic wave device
(heremaftter referred to as “SAW device™). As shown 1n FIG.
18, this example comprises antenna sections 111 and a SAW
device 113 including an excitation electrode 112 connected to
the antenna sections 111 1n a package body 110 made of a
dielectric material. This publication discloses that with the
use of the characteristics of the SAW device 113 which gen-
erates surface acoustic waves having a propagation velocity
that 1s variable depending on temperature, temperature 1s
determined by measuring how long the reflected surface
acoustic wave take to return and calculating from temperature
delay of the SAW device 113 1n an arithmetic circuit at a base
station.

In order to uniformly heat waters with the heating/cooling
system 60 shown in FIG. 15, automated measurement of the
temperature distribution of a water mounted on the heating
plate 62 1s required. In the example using the SAW device 113
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shown 1n FIG. 18, however, it may be possible to measure
temperature of a certain region of the water, but 1s impossible
to measure temperature distribution at various regions of the
waler. Even 1f the SAW device 113 1s replaced with the
temperature sensors 101 shown in FIGS. 17A and 17B, tem- >
perature measurement of various regions on a waier cannot be

achieved because the retlected frequency waves of the tem-
perature sensors 101 interfere with each other.

SUMMARY OF THE INVENTION 10

It 1s an object of the present invention to provide a tem-
perature measuring device capable of eliminating the need for
an A/D converter, adapting 1tself to automation and measur-
ing temperature distribution of the upper surface of a water by 15
improving the heat resistance, a thermal processor having a
temperature measurement function and a temperature mea-
surement method.

This invention 1s directed to a temperature measuring
device comprising a waler and a plurality of temperature 20
sensors arranged 1n regions which are formed by segmenting
the upper surface of the wafer into a plurality of regions. Each
temperature sensor includes oscillation circuit that oscillates
in response to receipt of a signal to output an oscillation
frequency signal corresponding to the temperature of 1ts own 25
region.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a perspective view 1llustrating an appearance ofa 30
waler-type temperature sensor according to the first embodi-
ment of the mvention.

FIG. 2 1llustrates an oscillation circuit constituting the
waler-type temperature sensor shown i FIG. 1.

FIG. 3 illustrates the temperature characteristics of the 35
oscillation circuit shown 1n FIG. 2.

FI1G. 4 illustrates an example of a heating/cooling system
with the wafer-type temperature sensor shown i FIG. 1
arranged therein to measure temperature.

FIG. S1sablock diagram specifically illustrating the logger 40
shown 1n FIG. 4.

FIG. 6 1s a circuit diagram 1illustrating another example of
the oscillation circuit included 1n the water-type temperature
sensor according to one embodiment of the ivention.

FI1G. 7 1s a circuit diagram 1llustrating yet another example 45
of the oscillation circuit included 1n the water-type tempera-
ture sensor according to one embodiment of the invention.

FIG. 8 1llustrates an embodiment in which the watfer-type
temperature sensor and logger are connected to each other
through wires. 50

FIGS. 9A, 9B, 9C are illustrations of an example of the
temperature measuring device according to one embodiment
of the mvention, to describe the way of measuring the tem-
perature of the heating plate and cooling plate.

FIGS. 10A, 10B, 10C are explanatory drawings of another 55
example of the temperature measuring device according to
one embodiment of the invention, to describe the way of
measuring the temperature of the heating plate and cooling
plate.

FIGS. 11A, 11B, 11C are explanatory drawings of yet 60
another example of the temperature measuring device having
a temperature measurement function according to one
embodiment of the invention, to describe the way of measur-
ing the temperature of the heating plate and cooling plate.

FIGS. 12A, 12B, 12C are explanatory drawings of yet 65
another example of the temperature measuring device having
a temperature measurement function according to one

4

embodiment of the invention, to describe the way of measur-
ing the temperature of the heating plate and cooling plate.

FIG. 13 1llustrates a SAW device included 1in the waler-type
temperature sensor 1n the second embodiment.

FIG. 14 1s a block diagram of the logger in the second
embodiment.

FIG. 15 1s a vertical cross-sectional view of a conventional
heating/cooling system.

FIG. 16 1s atransverse sectional view taken along lines A-A
of FIG. 15.

FIG. 17A and 17B illustrate examples of the conventional
temperature measuring device.

FIG. 18 illustrates an example of conventional temperature
measuring devices using a SAW device.

DESCRIPTION OF PREFERRED EMBODIMENT

(1) The First Embodiment

FIG. 1 1s a perspective view illustrating the appearance of
a waler-type temperature sensor according to the {first
embodiment of the invention, while FIG. 2 1s a circuit dia-
gram of an oscillation circuit constituting the water-type tem-
perature sensor shown 1n FIG. 1.

FIG. 1, a watler-type temperature sensor 10 includes a
waler 1 and a plurality of temperature sensors 2a, 2b arranged
in regions X, Y which are formed by segmenting the upper
surface of the wafer 1 into a plurality of regions. The water-
type temperature sensor 10 mounted on the heating plate 62
shown 1 FIG. 13 measures temperature distribution of the
waler prior to the actual treatment of waters on the heating
plate 62 1n order to grasp the temperature characteristics of
the water on the heating plate 62. Then, the waler-type tem-
perature sensor 10 makes appropriate temperature adjustment
based on the detection results and determines a temperature
capable of uniformly heating the wafer to be treated on the
heating plate 62.

More preferably, each of the temperature sensors 2a, 2b
comprises an oscillation circuit 2. The oscillation circuit 2
includes an operational amplifier 21, a capacitor C1 con-
nected between an 1nverting input terminal (-) of the opera-
tional amplifier 21 and grounding, a resistance Rs connected
between the mverting 1input terminal and an output terminal,
a resistance R1 connected between a non-nverting input ter-
minal (+) and grounding, and a resistance R2 connected
between the non-inverting input terminal and the output ter-
minal. The resistance Rs 1s a temperature dependent device
that changes the resistance value depending on temperature.
Additionally, the capacitor C1 and operational amplifier 21
also have temperature-dependency. The oscillation frequency
t, of the oscillation circuit 2 1s defined by the constants of the
capacitor C1 and resistance Rs, and represented by {,=1/
(2-C1-Rs).

The output of the oscillation circuit 2 1s connected to a
transmitter-receiver circuit 22 that 1s connected to an element
antenna 23. The transmitter-receiver circuit 22 receives
microwave signals transmitted from a logger 12, which will
be described later with reference to FI1G. 4, through the ele-
ment antenna 23, converts the signals into power supply volt-
age to supply 1t to the operational amplifier 21, and transmuits
oscillation frequency signals from the oscillation circuit 2 to
the logger 12. The transmitter-receiver circuit 22 serves as the
communication unit. Supplying the power supply voltage to
the oscillation circuit 2 can be also achueved by incorporating
a battery 1n the watfer-type temperature sensor 10. As long as
the battery 1s configured to supply power supply voltage to
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cach oscillation circuit 2, there 1s no necessity for the logger
12 to transmit the microwaves.

FIG. 3 illustrates the temperature characteristics of the
oscillation circuit 2 shown 1n FIG. 2. In FIG. 3, the vertical
axis represents oscillation frequency 1, while the horizontal
ax1s represents temperature. The capacitance of the capacitor
C1 1n the oscillation circuit 2 shown 1n FIG. 2 1s 10 pF, the
resistance value of the resistance Rs 1s 500€2, and Tcr, which
represents temperature dependency, 1s 0.3%/degree C. For
example, when the temperature 1s 0 degree C., the resistance
value of the resistance Rs shows 5002 and the oscillation
circuit 2 oscillates at an oscillation frequency 1, o1 30 MHz as
shown in FIG. 3.

With an increase 1n temperature, the resistance value of the
resistance Rs increases gradually, on the other hand the oscil-
lation frequency {1, of the oscillation circuit 2 1s lowered. For
instance, when the temperature rises to 2350 degrees C., the
resistance value of the resistance Rs rises to 1047€2, while the
oscillation frequency 1, of the oscillation circuit 2 decreases
to 14.3 MHz. In this instance, with the temperature change of
0.05 degrees C., the oscillation frequency {, changes from 4
kHz to 2 kHz per second. In comparison with the conven-
tional example capable of detecting temperature changes
with an accuracy of 0.1 degrees C. at temperature of 150
degrees C., this embodiment can measure the temperature
changes with an accuracy of 0.05 degrees C. at temperature of
250 degrees C., and therefore can improve measurement
accuracy.

Accordingly, the use of a counter having 10 digits to 12
digits of resolution per second of gate time and a frequency
bandwidth o1 225 MHz enables temperature measurement by
the waler-type temperature sensor 10 based on the oscillation
frequency 1, of the oscillation circuit 2. The oscillation circuat
2 can output a pulse signal of the oscillation frequency 1, that
varies depending on temperature. In other words the oscilla-
tion circuit 2 has a function as an A/D converter, which means
the oscillation circuit 2 does not need to include the A/D
converter and enables measurement of high temperatures,
even 250 degrees C. and higher, with good accuracy.

Further, the oscillation circuits 2 that are hermetically
imbedded in the surface of the water-type temperature sensor
10 do not suiler degradation from atmospheric gas and other
factors in the measurement environment, thereby obtaining
high reliability.

Descriptions will be made about a method for measuring
temperature with the waler-type temperature sensor 10
including the thus configured oscillation circuits 2. The tem-
perature sensors 2a located 1n the previously defined regions
X on the wafer-type temperature sensor 10 shown in FIG. 1
are designed to have a frequency variable range from 11 to 12
within a measurement temperature range, while the tempera-
ture sensors 2b6 located on the previously defined regions Y
are designed to have a frequency variable range from 13 to 14
within a measurement temperature range, for the purpose of
allocating different frequency bands to the regions to be mea-
sured. In the case of 11<12<13<14, detection of the frequency
bands of 11 and 12 can 1dentity the previously defined regions
X on the watler-type temperature sensor 10, and the tempera-
tures of the regions X can be obtained by determining the
value of each frequency within the frequency bands of 11 and
12. In the same manner, detection of the frequency bands o1 13
and 14 can identily the previously defined regions Y on the
waler-type temperature sensor 10, and the temperatures of the
regions Y can be obtained by determining the value of each
frequency within the frequency bands of 13 and 14.

FI1G. 4 1llustrates an example of the heating/cooling system
60a with the water-type temperature sensor 10 shown in FIG.
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1 arranged therein to measure temperature. FIG. 5 1s a block
diagram specifically illustrating the logger 12 shown 1n FIG.
4.

In FIG. 4, the heating/cooling system 60a has generally the
same structure as that of the heating/cooling system 60 shown
in FIGS. 13 and 14. The heating plate 62 discussed in FI1G. 13
1s placed in the enclosure 605 and includes a heating-plate
temperature sensor 62a therein. Note that the cooling plate 61
1s not illustrated herein. An antenna 11 1s attached to the
ceiling of the enclosure 6054. The antenna 11 comprises, for
example, a spiral wound coil made from a conductor. The
antenna 11 transmits microwave signals from the logger 12
functioning as transmitting-receiving unit into the enclosure
605, while receiving oscillation frequency signals oscillated
by the oscillation circuits 2 to supply them to the logger 12.
The logger 12 calculates the temperatures of the waler-type
temperature sensor 10 based on the received oscillation fre-
quency signals and displays the results, while outputting the
calculated temperature data to a computer 13. A controller 14
controls a heater (not shown) incorporated 1n the heating plate
62 based on the temperature detected by the heating-plate
temperature sensor 62a.

Next description will be made about the structure and
operation of the logger 12 by referring to FIG. 5. The antenna
11 shown 1n FIG. 4 1s connected to a switching circuit 121.
The switching circuit 121 1s switched under control of a
control circuit 122 to a transmitter circuit 123, upon transmis-
sion of the microwaves and to a receiver circuit 124, upon
receipt of the oscillation frequency signals from the oscilla-
tion circuits 2. The transmitter circuit 123 1s supplied with
microwave signals from a microwave generator circuit 125
serving as the power supply unit.

The receiver circuit 124 receives the oscillation frequency
signals output from the oscillation circuits 2 through the
antenna 11 and extracts measured data of the measurement
temperature corresponding to the oscillation frequency to
output it to a sampling circuit 126. The sampling circuit 126
samples the data of the measurement temperature per sam-
pling time to convert 1t into time-series data. The time-series
data 1s stored 1n a memory circuit 127. The control circuit 122
numerically processes the data stored 1n the memory circuit
127 to obtain an average value, deviation value and so on, and
then displays the values on an indicator 129. In addition, the
control circuit 122 outputs the data from an output terminal
128 to supply the data to the computer 13 shown 1n FIG. 4.
The control circuit 122 serves as the determination unit for
determining temperatures of the respective regions on the
waler based on the oscillation frequency signals oscillated by
the plurality of oscillation circuait.

FIG. 6 1s a circuit diagram illustrating another example of
the oscillation circuit included 1n the watfer temperature sen-
sor 10 according to one embodiment of the invention. The
oscillation circuit 2 shown i FIG. 2 uses the operational
amplifier 21, but an oscillation circuit 2¢ shown 1n FIG. 6 1s
made up with a Colpitts oscillation circuit. Specifically, a
capacitor C2 1s connected between the base of a transistor Tr
and grounding, a coil L1 1s connected between the base of the
transistor Tr and the collector, a capacitor C3 1s connected
between the collector and grounding. The emitter of the tran-
sistor Tr1s grounded, while the collector of the transistor Tr 1s
connected to the transmitter-receiver circuit 22 discussed 1n
FIG. 2. The transmitter-receiver circuit 22 1s connected to a
communication antenna 23.

In the oscillation circuit 2¢ shown in FIG. 6, the coil L1 has
a temperature dependency 1n which the inductance changes
depending on temperature, while the transistor Tr has a tem-
perature dependency 1n which the current amplification factor
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changes depending on temperature. The transmitter-recerver
circuit 22 recerves a microwave from logger 12 through the
clement antenna 23 and converts the microwave nto power
supply voltage to supply it to the oscillation circuit 2¢. The
oscillation circuit 2¢ starts self-oscillation upon receipt of the
power supply voltage, and the oscillation frequency signal 1s
transmitted from the transmitter-recerver circuit 22 through
the element antenna 23 to the logger 12. Since the coil L1 and
transistor Tr have temperature dependency each, the oscilla-
tion frequency changes according to temperature. Accord-
ingly, imbedding this oscillation circuit 2c ineachregion X, Y
on the water-type temperature sensor 10 for the temperature
sensors 2a, 26 shown 1n FIG. 1 enables measurement of the
temperature 1n the respective regions on the waler-type tem-
perature sensor 10.

FIG. 7 1s a circuit diagram 1llustrating yet another example
of the oscillation circuit included 1n the water-type tempera-
ture sensor according to one embodiment of the invention. An
oscillation circuit 24 shown 1n FIG. 7 1s made up with a ring
oscillator. The oscillation circuit 24 includes three inverters
INV1 to INV3 connected 1n series. Specifically the output
terminal of the mnverter INV3 is connected to the input termi-
nal of the inverter INV1, a capacitor C4 1s connected between
the mput terminal of the inverter INV2 and grounding, a
capacitor C3 1s connected between the input terminal of the
iverter INV3 and grounding.

Each of the inverters INV1 to INV3 1s made up with a MOS
transistor and has a current drive capability that changes
depending on temperature and theretfore the charge/discharge
current changes according to temperature. Because of this,
the driving current depends on the oscillation frequency. Sup-
plying the output from the inverter INV3 to the transmitter-
receiver circuit 22 allows the oscillation frequency signal to
be output through the element antenna 23 to the logger 12.

The transmitter-receiver circuit 22 receives a microwave
from the logger 12 through the element antenna 23 and con-
verts the microwave ito power supply voltage to supply 1t to
the oscillation circuit 2d. The oscillation circuit 24 self-oscil-
lates, and the oscillation frequency signal 1s transmitted from
the transmitter-receiver circuit 22 through the element
antenna 23 to the logger 12. Since the inverters INV1 to INV3
have a temperature dependency each, the oscillation fre-
quency changes according to temperature. Accordingly,
imbedding this oscillation circuit 24 1n each region X, Y on
the waler-type temperature sensor 10 for the temperature
sensors 2a, 26 shown 1n FIG. 1 enables measurement of the
temperature in the respective regions on the waler-type tem-
perature sensor 10.

It should be noted that the oscillation circuit 1n use 1s not
limited to the Colpitts-type oscillation circuit shown in FIG. 6
and the ring oscillator-type oscillation circuit shown 1n FIG.
7, but a Hartley-type oscillation circuit and other types of
oscillation circuits are also available as long as the oscillation
circuit changes its oscillation frequency according to tem-
perature.

FIG. 8 illustrates an embodiment 1n which the temperature
sensors 2a, 2b on the wafer-type temperature sensor 10 are
connected to the logger 16 by wire. Each of the temperature
sensors 2a, 2b on the water-type temperature sensor 10 has an
oscillation output terminal connected to the logger 16 through
cables 18 and a power 1mput terminal connected to a power
supply circuit 17 through cables 19. The logger 16 does not
include the antenna 11, switching circuit 121, transmitter
circuit 123, recerver circuit 124 and microwave generator
circuit 125 included 1n the logger 12 shown 1n FI1G. 5, and 1s
configured so that the sampling circuit 126 directly receives
the oscillation frequency signal through the cables 18.
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In this embodiment shown 1n FIG. 8, the oscillation fre-
quency signals from each of the temperature sensors 2a, 25
can be directly sampled, thereby eliminating the need to
identify the respective regions on the waler-type temperature
sensor 10. Because of this, the oscillating frequencies of the
temperature sensors 2a, 2b can be selected from frequencies
within the same frequency band.

FIGS. 9A to 9C are explanatory drawings of a method for
measuring temperature of the heating plate 62 and cooling
plate 61 with the temperature measuring device according to
one embodiment of the invention. In FIG. 9A, the cooling
plate 61 and heating plate 62 are disposed 1n an enclosure 6056
in the same manner as FI1G. 13. Also, the cooling plate 61 and
heating plate 62 are attached with a vertical drive mechanism
discussed in FIG. 13, but 1ts illustration 1s omitted. An open-
able cover member, or a chamber cover 71 1s mounted on the
heating plate 62.

On a part of the ceiling of the enclosure 605 positioned
between the cooling plate 61 and heating plate 62 disposed 1s
the antenna 11 discussed in F1G. 4. Since the antenna 11 1s not
located right above the heating plate 62, the antenna 11 can be
prevented from temperature rise. The chamber cover 71 has a
window (not shown) allowing a wave to pass therethrough.
The logger 12, computer 13 and controller 14 shown 1n FIG.
4 are located away from the heating plate 62 and 1n an atmo-
sphere at room temperature.

By referring to FIGS. 9A to 9C, the temperature measure-
ment method will be described. First, a waler-type tempera-
ture sensor 10 1s transferred through a transfer opening (not
shown) of the enclosure 6056 by the transier arm discussed 1n
FIG. 14, and then the chamber cover 71 on the heating plate
62 1s lifted open. Next, the waler-type temperature sensor 10
1s transferred onto the heating plate 62 by the transier device
discussed 1 FIG. 11, and then 1s aligned with the heating
plate 62. Subsequently, as shown 1n FIG. 9A, the chamber
cover 71 descends to close the upper part of the heating plate
62. As discussed 1n FIG. 4, with the emission of the micro-
wave signal from the antenna 11, the oscillation circuits on
the water-type temperature sensor 10 are supplied with elec-
trical power to emit oscillation frequency signals which are
captured by the antenna 11. Upon completion of the heat
treatment, as shown in FI1G. 9B, the chamber cover 71 1s again
lifted, and then the water-type temperature sensor 10 1s trans-
terred by the transier device from the heating plate 62 to the
cooling plate 61.

Even during transier, the antenna 11 continuously emits the
microwave signals onto the waler-type temperature sensor
10, while capturing the oscillation frequency signals corre-
sponding to various temperatures on the water-type tempera-
ture sensor 10. Since the antenna 11 can emait the microwave
even alter the waler-type temperature sensor 10 has been
transierred onto the cooling plate 61 as shown in FIG. 9C, the
oscillation frequency signals corresponding to various tem-
peratures on the waler-type temperature sensor 10 can still be
captured by the antenna 11. Thus, the wafer-type temperature
sensor 10 enables detection of the temperatures aiter being
cooled. After that, the wafer-type temperature sensor 10 1s
ejected.

As mentioned above, the example shown 1n FIGS. 9A to 9C
enables transmission of the microwave signal and receipt of
the oscillation frequency signal via the antenna 11 even dur-
ing heating treatment by the heating plate 62 and cooling
treatment by the cooling plate 61, and therefore continuous
measurement ol the heating temperature and cooling tem-
perature can be achieved with the waler-type temperature
sensor 10.




US 7,977,609 B2

9

FIGS. 10A to 10C are explanatory drawings of another
example of the method for measuring temperature of the
heating plate and cooling plate with the temperature measur-
ing device according to one embodiment of the invention.

In this example, the antenna 11 1s attached to the ceiling of 5

the enclosure 606 and above the cooling plate 61, and an
auxiliary antenna 15 1s disposed 1n the chamber cover 71. The
auxiliary antennas 15 disposed 1n the chamber cover 71 may
be plural. When the chamber cover 71 1s opened, the water-
type temperature sensor 10 1s transierred onto the heating
plate 62. As shown in FIG. 10A, the microwave signals emit-
ted by the auxiliary antenna 15 are supplied to the water-type
temperature sensor 10, and then the frequency signals corre-
sponding to measured temperatures of the respective regions
are captured by the auxiliary antenna 15.

Upon completion of the heat treatment, as shown 1n FIG.
10B, the chamber cover 71 1s opened, and then the water-type
temperature sensor 10 1s transierred from the heating plate 62
to the cooling plate 61. At this point, the auxiliary antenna 15
1s switched to the antenna 11 above the cooling plate 61 to
transmit the microwave signals to the waler-type temperature
sensor 10 1n the middle of transtfer, and then the oscillation
frequency signals from the water-type temperature sensor 10
are captured by the antenna 11. As shown 1n FIG. 10C, after
the water-type temperature sensor 10 1s transierred onto the
cooling plate 61, the antenna 11 transmits the microwave
signals, and the water-type temperature sensor 10 outputs the
oscillation frequency signals corresponding to the respective
temperatures.

In this example, the auxiliary antenna 15 1s made of metal-
lic materials capable of resisting high temperatures of 200
degrees C. and higher. The logger 12, computer 13 and con-
troller 14 shown 1n FIG. 4 are located away from the heating
plate 62, that 1s 1n an atmosphere at room temperature.

As mentioned above, the example shown 1in FIGS. 10A to
10C enables transmission and reception of signals via the
auxiliary antenna 15 during heating treatment by the heating
plate 62 and enables transmission and reception of signals via
the antenna 11 during cooling treatment by the cooling plate
61, and therefore continuous measurement of the heating
temperature and cooling temperature can be achieved.

FIGS. 11A to 11C are explanatory drawings of yet another
example of the method for measuring temperature of the
heating plate and cooling plate with the temperature measur-
ing device having a temperature measurement function
according to one embodiment of the present invention.

Although the atorementioned examples shown 1 FIGS.
9A to 10C are configured to include the cooling plate 61 and
transier device 69 separately in the same manner as shown in
FIG. 14, the example shown 1n FIGS. 11A to 11C 1s config-
ured to include the cooling plate 61a having a water transier
function. Other components of the example shown 1 FIGS.
11A to 11C are the same as those of the example shown 1n
FIGS. 9A to 9C.

First, after the chamber cover 71 1s lifted open, the cooling
plate 61a receives the waler-type temperature sensor 10
transferred to the transfer opening to transfer it onto the
heating plate 62. Next, the chamber cover 71 descends to
close the heating plate 62. Subsequently the antenna 11 emats
the microwave signals and receives frequency signals sent
back from the waler-type temperature sensor 10. Upon
completion of the heat treatment, as shown 1n FIG. 11B, the
chamber cover 71 i1s lifted, and then the cooling plate 61a
moves onto the heating plate 62 to pull out the wafer-type
temperature sensor 10 from the heating plate 62.

Even during transier, the antenna 11 continuously emits the
microwave signals to the waler-type temperature sensor 10,
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while capturing the oscillation frequency signals correspond-
ing to the respective temperatures on the water-type tempera-

ture sensor 10. Subsequently, as shown 1n FIG. 11C, the
cooling plate 63 stops the transierring operation. Since the
antenna 11 can transmit the microwave signals even 1n this
situation, the oscillation frequency signals corresponding to
the respective temperatures on the waler-type temperature
sensor 10 are also sent back to the antenna 11. After that, the
waler-type temperature sensor 10 1s taken out by the transier
arm.

FIGS. 12A to 12C are to describe yet another example of
the method for measuring temperature of the heating plate
and cooling plate with the temperature measuring device
having a temperature measurement function according to one
embodiment of the invention.

Similar to the example shown 1 FIGS. 10A to 10C, this
example includes the antenna 11 attached to the ceiling of the
enclosure 60c¢ and above the cooling plate 61, the auxiliary
antenna 13 located 1n the chamber cover 71 and the cooling
plate 61aq having a water transfer function. Since the trans-
ferring operation, heating operation and cooling operation are
performed 1n the same manner as the example shown 1n FIGS.
9A to 9C and the communication of the signals between the
waler-type temperature sensor 10 and antennas 11, 13 1s also
performed 1n the same manner as the example shown 1n FIGS.
10A to 10C, their descriptions are not reiterated.

(2) The Second Embodiment

In the second embodiment, of the temperature sensors 24,
2b comprises a SAW device 20 as shown in FIG. 13. The SAW
device 20 includes a rectangular piezoelectric substrate 24
made of an elastic material, an excitation electrode 25 and
reflecting electrodes 31 aligned with the excitation electrode
25 1n the longitudinal direction at a predetermined distance
therebetween on the piezoelectric substrate 24. The piezo-
clectric substrate 24, for example, 1s made of langasite
(La,Ga.510,,) single crystal. This langasite piezoelectric
substrate 24 that does not show phase transition until 1ts
melting point (1480 degrees C.) maintains stable piezoelec-
tric effect, thereby enabling measurement of high tempera-
tures.

The excitation electrode 25 includes a pair of interdigitated
clectrodes 26a, 26b. When a high-frequency signal at 50 MHz
to 950 MHz 1s fed to the SAW device for example, mechanical
distortion occurs at a constant frequency between the inter-
digitated electrodes 26a and 265 due to piezoelectric effect of
the piezoelectric substrate 24, and therefore the SAW device
20 excites a surface acoustic wave. When this surface acoustic
wave propagates on the surface of the piezoelectric substrate
24 and reaches the retlecting electrodes 31, the reflecting
clectrodes 31 are slightly displaced on the surface of the
piezoelectric substrate 24, thereby generating a standing
wave having a natural frequency representing both mechani-
cal distortion and temperature.

Accordingly, by making the distances between the excita-
tion electrode 25 and reflecting electrodes 31 of the plurality
of SAW devices 20 different, the SAW devices 20 that are
supplied with the high-frequency signals with a predeter-
mined bandwidth can send back the natural frequency signals
with the standing waves corresponding to the temperatures of
the respective regions on the waler-type temperature sensor
10. In this case, the power supply 1s not needed.

The interdigitated electrodes 26, which 1s one of the pair of
interdigitated electrodes, 1s connected to an element antenna
2’7 via a matching circuit 29, while the interdigitated electrode
26, which 1s the other of the pair of interdigitated electrodes,
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1s connected to a ground line 30 via a matching circuit 29. The
clement antenna 27 1s made of a metallic conductor. The
ground line 30 1s formed on the rear surface of the piezoelec-
tric substrate 24 so that the entire rear surface works as an
clectrode. The matching circuit 29 can match the impedance
with the element antenna 27 to improve efficiency.

The SAW device 20 shown 1n FIG. 13 1s suitable for min-
1aturization, and therefore can be arranged in the plurality of
regions previously defined on the wafer-type temperature
sensor 10 shown in FIG. 1. Further, the SAW devices 20 that
are hermetically imbedded in the surface of the waler-type
temperature sensor 10 do not suffer degradation from atmo-
spheric gas and other factors 1n the measurement environ-
ment, thereby obtaining high reliability.

Descriptions will be made about a method for measuring,
temperature with thus configured waler-type temperature
sensor 10. The temperature sensors 2a located in the previ-
ously defined regions X on the waler-type temperature sensor
10 shown 1n FIG. 1 are designed to have a frequency variable
range from 11 to 12 within a measurement temperature range,
while the temperature sensors 26 located on the previously
defined regions Y are designed to have a frequency variable
range from 13 to 14 within a measurement temperature range,
tor the purpose of allocating different frequency bands to the
regions to be measured. In the case of 11<12<13<14, when the
high-frequency signals with a frequency bandwidth from 11
to 14 are transmitted, detection of the frequency bands of 11
and 12 can identily the previously defined regions X on the
waler-type temperature sensor 10, and the temperatures of the
regions X can be obtained by determining the value of each
frequency within the frequency bands of 11 and 12. In the
same manner, detection of the frequency bands of 13 and 14
can 1dentily the previously defined regions Y on the wafer-
type temperature sensor 10, and the temperatures of the
regions Y can be obtained by determining the value of each
frequency within the frequency bands of 13 and 14.

The structure of the heating/cooling system 1s the same as
the first embodiment except that the antenna 11 receives
frequency signals generated by the SAW devices 20 to supply
them to the logger 12.

Next description will be made about the structure and
operation of the logger 12 by refernng to FIG. 14. The
antenna 211 shown in FIG. 14 1s connected to a switching
circuit 221. The switching circuit 221 1s switched under con-
trol of a control circuit 222 to a high-frequency signal gen-
crator circuit 223, which functions as a transmitting circuit,
upon transmission of high-frequency signals and to a receiver
circuit 224 upon receipt of the frequency signals from the
SAW devices 20. The high-frequency signal generator circuit
223 sweeps the high-frequency signals having the bandwidth
from 11 to 14 1n response to a sweep signal from a frequency
sweep circuit 2235,

As mentioned above, sweeping the high-frequency signals
generated by the high-frequency signal generator circuit 223
at the frequency sweep circuit 225 so that the high-frequency
signals have the predetermined bandwidth enables transmis-
s1on of the high-frequency signals having a broad bandwidth,
and therefore a multitude of SAW devices 20 each generating
a different frequency signal are available.

The receiver circuit 224 receives the frequency signals sent
back from the SAW devices 20 through the antenna 211 and
extracts measured data of the measurement temperature to
output it to a sampling circuit 226. The sampling circuit 226
samples the data of the measurement temperature per sam-
pling time to convert 1t nto time-series data. The time-series
data 1s stored 1n a memory circuit 227. The control circuit 222
numerically processes the data stored 1n the memory circuit
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227 to obtain an average value, deviation value and so on, and
then displays the values on an indicator 229. In addition, the
control circuit 222 outputs the data from an output terminal
228 to supply the data to the computer 13 as described 1n the
first embodiment.

The control circuit 222 serves as the determination unit for
determining temperatures of the respective regions on the
waler based on the oscillation frequency signals oscillated by
the plurality of oscillation circuait.

Further, a high-frequency signal generator circuit 223, a
receiver circuit 224 and a frequency sweep circuit 225 con-
stitute a transmitting and recerving unit.

In the meantime, the method for measuring temperature of
the heating plate 62 and cooling plate 61 1n this embodiment
1s the same as shown in FIG. 9A-12C 1n the first embodiment,
the description 1s not reiterated.

According to one embodiment of the present invention that
1s configured to determine temperature based on the oscilla-
tion frequency signals oscillated by the oscillation circuit
arranged on the plurality of regions on the water, it 1s possible
to add the function of an A/D converter to the oscillation
circuit, thereby eliminating the need for the A/D converter,
adapting the wafer-type temperature sensor to automation
and 1mproving the heat resistance to measure temperature
distribution of the wafer.

According to the other embodiment of the present mven-
tion, 1dentification of each region on the wafer and determi-
nation of the temperature can be achieved at the same time by
supplying high-frequency signals having a predetermined
frequency bandwidth to the surface acoustic wave devices
arranged 1n the respective regions, sending back frequency
signals corresponding to temperatures of the respective
regions within the bandwidth that 1s different for every region
on the wafer, and recerving the frequency signal. Therefore
the present invention enables automation, improvement of
resistance to measure temperature of the plurality of regions
on the upper surface of the wafer.

The foregoing has described the embodiments of the
present invention by referring to the drawings. However the
invention should not be limited to the illustrated embodi-
ments. It should be appreciated that various modifications and
changes can be made to the illustrated embodiments within
the scope of the appended claims and their equivalents.

The temperature measuring device, thermal processor hav-
ing a temperature measurement function and the temperature
measurement method 1n the present invention are utilized to
measure surface temperature ol a cooling plate or heating
plate 1n a heating/cooling system.

What 1s claimed 1s:

1. A temperature measuring device comprising:

a wafer; and

a plurality of temperature sensors arranged 1n regions

formed by segmenting the upper surface of said wafer
into a plurality of regions, each of said temperature
SeNSOrs cComprising;:
oscillation circuit for oscillating in response to receipt of a
signal to output an oscillation frequency signal corre-
sponding to a temperature of 1ts own region, wherein
said signal 1s power supply voltage; and
wherein said oscillation circuit outputs an oscillation fre-
quency signal corresponding to the temperature of 1ts
own region within a frequency band which 1s different
for every region.

2. The temperature measuring device according to claim 1,
wherein

said oscillation circuit includes temperature dependent

devices that change their characteristics depending on
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temperature, and thus changes its oscillation frequency
with the characteristics changes of said temperature
dependent devices.

3. The temperature measuring device according to claim 1,
wherein

said oscillation circuit outputs an oscillation frequency
signal corresponding to the temperature of 1ts own
region within a frequency band which 1s the same for
every region.

4. The temperature measuring device according to claim 1,
wherein said signal 1s a igh-frequency signal and said oscil-
lation circuit 1s a surface acoustic wave device for sending
back a frequency signal corresponding to the temperature of
its own region within a frequency bandwidth that 1s different
for every region 1n response to input of the high frequency
signal.

5. A temperature measuring device comprising:

a waler-type temperature sensor including a wafer and a
plurality of oscillation circuit, said oscillation circuit
being arranged in regions formed by segmenting the
upper suriace of said wafer mto a plurality of regions,
and each of said oscillation circuit oscillating 1n
response to receipt of power supply voltage to output an
oscillation frequency signal corresponding to the tem-
perature of 1ts own region;

power supply unit for supplying power supply voltage to
said oscillation circuait;

determination unit for determining the temperatures of the
respective regions on said water based on the oscillation
frequency signals oscillated by said plurality of oscilla-
tion circuit; and

communication unit for outputting the oscillation 1fre-
quency signals oscillated by said oscillation circuit to
sald determination unit; and wherein

said plurality of oscillation circuit output oscillation fre-
quency signals corresponding to the temperatures of
their own regions within the respective frequency bands
which are different for every region,

with reference to the oscillation frequency signals oscil-
lated by the plurality of oscillation circuit, said determi-
nation unit determines each frequency band including
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the oscillation frequency signal to 1dentify the region on
the water corresponding to the frequency band, and
determines the temperature of the region based on the
oscillation frequency signal,

said communication umt outputs said oscillation frequency

signals 1n the respective frequency bands by radio to the
determination unit.

6. The temperature measuring device according to claim 3,
wherein

said power supply unit generates microwave signals serv-

ing as said power supply voltage,

said communication unit comprises:

a communication antenna located at a distance away
from said water-type temperature sensor;

transmitter circuit for transmitting said microwave sig-
nals generated by said power supply unit through said
communication antenna; and

receiver circuit for recerving the oscillation frequency
signals within said frequency bands oscillated by said

oscillation circuit through said communication
antenna.

7. The temperature measuring device according to claim 6,
wherein

said water-type temperature sensor comprises:
transmitter circuit connected to the output of said oscilla-

tion circuit and for transmitting said oscillation fre-
quency signals;

an element antenna connected to said transmitter circuit

and for emitting said transmitted oscillation frequency
signals by radio.

8. The temperature measuring device according to claim 5,
wherein
said plurality of oscillation circuit output oscillation fre-

quency signals corresponding to the temperature of their
own regions within a frequency band that 1s the same for
every region,

said communication unit outputs the oscillation frequency

signals within said frequency band to said determination
unit by wire.
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